Shigellosis is considered to be one of the enteric infections for which breast-feeding plays a major protective role (5, 15, 16) . The mechanism by which human milk might protect infants is unclear. Although antibodies to lipopolysaccharides have been described, they are type specific and only briefly secreted (19, 33) . Shigella virulence is determined by genes found both on the chromosome and on plasmids. Regions of the chromosome involved in Sliigella virulence have been best demonstrated for Shigellai flexnleri (22) (Fig. 1 ). These regions include the histidine (his) locus, which is closely linked to the ,jb genes responsible for 0-side-chain synthesis, the keratoconjunctivitis provocation (kcp) locus linked to the purine E (purE) region, and the arginine (arg)-mannitol (7titl) region, which is necessary for fluid production in rabbit ileal loops and for a positive Sereny test as well as aerobactin iron-binding protein and an iron-regulated outer membrane protein which may be the aerobactin receptor (9) . Escherichiai coli K-12 derivatives constructed to contain each of these chromosomal segments and the large virulence plasmid are fully virulent in animal models (22) . In those shigellae which produce Shiga toxin, chromosomal loci are involved (32) . The specific gene products of the chromosomal virulence loci other than lipopolysaccharides, aerobactin, and Shiga toxin are not well defined.
Although chromosomally encoded antigens are necessary for full expression of virulence, they are not sufficient. Major virulence determinants shared by all shigellae and enteroinvasive E. coli are encoded on large plasmids (23, 24, 28, 29) . The virulence plasmids encode for the production of polypeptides that are believed to be involved in the invasion of mammalian cells (3, 17) .
To better understand the possible protective effect of human milk, we designed this study to determine which chromosomal and plasmid gene products were associated with antibodies in human milk. To more fully define the shigella-specific antibodies present in human milk, we evaluated milk samples obtained from women chromosomal locus adsorption schemes, a final concentration of 1 mg of protein per ml of mix of each sonicated strain was added to an equal amount of the milk aqueous fraction and incubated at 4°C for 2 h. The adsorption strategies used to determine whether the gene products of the chromosomal virulence regions elicited antibody production in human milk are shown in Table 2 . Each absorption was done with both E. coli 395-1 and the hybrid strains listed in Table 2 . The adsorption scheme for demonstrating antibodies to the virulence plasmid-associated antigens used 4 mg of sonicated plasmidless S. flexneri 5 M9OT A2 per ml of milk incubated as above to remove antibodies related to chromosomal loci. In both sets of adsorption schemes, the sonicated bacteriamilk mix was clarified by centrifugation (16,000 x g for 10 min) before use in the immunoblot assays.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immunoblot. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was done by the method of Laemmli (14) . For detection of antibodies remaining after absorption, 10 ,ug of either sodium dodecyl sulfate-solubilized whole cells (for chromosomal loci) or water extracts (for virulence plasmidassociated loci) per lane was loaded onto 12.5% polyacrylamide minigels. Antigens were separated at 150 V for 1 h and transferred to nitrocellulose for 2 h at 70 V (33); unreacted sites on the nitrocellulose were blocked with a Tris buffer containing 3% nonfat dry milk (Carnation, Los Angeles, Calif.). After alignment of the nitrocellulose in a miniblotter apparatus (Immunetics, Cambridge, Mass.), 125 pl of adsorbed milk was loaded onto each well of the apparatus and incubated overnight at 4°C, and specific immunoglobulin A (IgA) was detected with horseradish peroxidase-conjugated goat anti-human IgA (Organon Teknika, Malvern, Pa.) followed by a solution containing 0.06% 4-chloro-1-naphthol (Bio-Rad Laboratories, Richmond, Calif.) and 0.01% H202.
In preliminary experiments, immunoblots of all the hybrid strains were developed for detection of bovine IgG (from the nonfat dry milk blocking) with peroxidase-conjugated rabbit anti-bovine IgG (Sigma Chemical Co., St. Louis, Mo.). For the detection of antibodies to Shiga toxin, purified toxin (10 ,ug) prepared as previously described (21) was electrophoresed and transferred as described above; unadsorbed milk was used on the immunoblots of Shiga toxin. Table 2 to detect antibodies to the Shigella his' locus. The Shigella his' locus is present in the strains of lanes f through n and absent from the strains of lanes a through e.
RESULTS
Preliminary experiments showed no bovine IgG from the nonfat dry milk reacting with the E. coli-Shigella hybrid strain virulence-associated antigens by immunoblot. Figure  2 shows representative immunoblots of the 10-milk pool after adsorption with the E. coli-Shigella hybrid strains as outlined in Table 2 . Reaction of unadsorbed milk with S. flexneri M9OT is shown in Fig. 2A , lane o. Lanes a to n of Fig. 2A were meant to detect antibodies to mtl+-linked gene products; however, no bands unique to the mtl+ Shigella locus were found. The milk adsorbed to detect the gene product of the his' locus had reactions on these blots (Fig.  2B) ; hybrid strains containing the Shigella his' locus reacted with this adsorbed milk (lanes f to n) in a pattern consistent with lipopolysaccharide banding. The adsorption schemes for other chromosomal loci showed no antibodies unique to the Shigella loci; that is, they showed results similar to those shown in Fig. 2A .
Immunoblotting also failed to detect antibodies to Shiga toxin (data not shown). Controls with a high-titer rabbit antiserum demonstrated that Shiga toxin had transferred.
Adsorption of the milk pool with S. flexneri 5 M90T A2, the plasmidless variant of S. flexneri M90T, revealed that antibodies to plasmid-encoded antigens were present. Each of the 10 individual milk samples that had been used to make the pool was studied individually and found to contain antibodies to antigens whose molecular sizes were consistent with those reported for the major plasmid-encoded virulence proteins (78, 57, 43, and 39 kilodaltons). Little or no reaction was seen when the postadsorption milk samples were reacted with water extracts of S. flexneri M90T A2 (Fig. 3, lanes b, d, f, and h ), while these same samples reacted strongly with a water extract from S. flexneri M90T (lanes a, c, e, and g ). Lanes a to h were developed for 30 min to detect antibodies which were only faintly visible when antigens in lanes a, b, c, and d were easily seen. Lane i shows a milk sample absorbed with S. flexneri M9OT A2 used to detect antibodies to S. flexneri M9OT antigens; development of this immunoblot was stopped after 5 to 7 min when antibodies to the presumptive a, b, c, and d antigens were detectable. In contrast, only half of the milk samples had antibodies detected to a >100-kilodalton antigen. Other antigens whose size was not consistent with the major virulence antigens were also frequently recognized (Fig. 3) .
Milk from an additional 21 Mexican women and 25 women from Houston was also studied for antibodies to these plasmid-coded antigens. All the Mexican samples and 42% of the Houston samples demonstrated these antibodies; the difference in frequency of antibodies to the virulence plas- 
DISCUSSION
Human milk has long been thought to protect infants from enteric illness. Breast-feeding has been reported both to decrease the frequency of symptomatic shigellosis (15, 16) and to lessen the severity of illness (5) . The mechanism for such protection has been unclear. Microflora alteration, specific antibodies, nonspecific cell receptor analogs, and decreased exposure to contaminated food are possible explanations. The data concerning specific antibodies in milk previously have been limited to a description of antibodies to Shigella lipopolysaccharides (1, 6, 12, 34) . However, such data do not offer a reasonable explanation for the purported protective effect of human milk. Because antibody to lipopolysaccharide is type specific, it may not explain protection across Shigella serotypes and certainly fails to explain protection across serogroups. Furthermore, such lipopolysaccharide antibodies have been shown to be present only during the first few weeks of lactation (6) . Brief secretion of antibodies of narrow specificity cannot explain broad protection persisting throughout lactation. With the recognition that Shigella virulence is related to both chromosomal loci (4, 7, 8, 22) and virulence plasmid-associated polypeptides (11, 19) , it has become relevant to examine human milk for antibodies that might offer protection that is broader than the type-specific antibodies directed against lipopolysaccharide.
This study demonstrated that milk from women living in an endemic area (but not those living in an area of lower Shigella prevalence) routinely contains IgA to products of the virulence plasmid as well as to lipopolysaccharide. No antibodies could be detected to the chromosomal virulence loci of Shigella sp. except to lipopolysaccharide; either the virulence-associated chromosomal loci express no unique determinants or the amounts of antigens related to these loci are inadequate to regularly elicit an immune response in milk. Since the virulence plasmid-associated antigens represent the shared virulence determinants of all shigellae and enteroinvasive E. coli, such antibodies might offer the infant the broad protection that human milk seems to afford. The major plasmid-coded virulence polypeptides which elicit an immune response have molecular sizes of >100, 78, 57, 43, and 39 kilodaltons. These polypeptides, usually designated >100 kilodalton, a, b, c, and d, are encoded in a 22-megadalton section of the large virulence plasmid. This segment is shared and highly conserved (3, 11, 17, 27) in the virulence plasmid of all shigellae and enteroinvasive E. (oli (10) , although some virulence determinants may be encoded by other regions of the plasmid (25, 26) . The operon that encodes for a, b, c, and d represents the genes which encode for penetration of shigellae into cells (3) . This is the essential pathogenetic trait of all shigellae (13) . These antigens are known to elicit serum antibody responses both experimentally in monkeys and during natural human infection (19 This study suggests a mechanism by which human milk might protect infants from shigellosis. Prospective studies to correlate amounts of antibodies to the virulence plasmidcoded antigens with frequency of symptomatic and asymptomatic infection are currently in progress to determine whether such antibodies explain the purported salutory effects of human milk.
